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Univers
osting by E
cense.Abstract The kinetics of formation of chromium(III)–iminodiacetic acid complex have been stud-
ied spectrophotometrically in the temperature range 35–55 C. The reaction is ﬁrst order with
respect to chromium(III) and the rate of reaction increases with increasing of pH. The kinetics
of formation obeys the rate law:
Rate ¼ kcKosc½CrIIIðH2OÞ5ðOHÞ2þT ½IDA=ð1þ Kosc½IDAÞ:
While the kinetics of oxidation of CrIII(IDA)2(H2O)2]
 by N-bromosuccinimide (NBS) in
aqueous solution to chromium(VI) were carried out and obey the following equation:
d½CrVI=dt ¼ ðk4K2 þ k5K3K1=½HþÞ½CrIIIðIDAÞ2ðH2OÞ2½NBS:
Thermodynamic activation parameters have been calculated. It is proposed that electron
transfer proceeds through an inner-sphere mechanism via coordination of NBS to chromium(III).
ª 2009 King Saud University.Open access under CC BY-NC-ND license.1. Introduction
Ternary complexes of oxygen-donor ligands and heteroaro-
matic N-bases have attracted much interest as they can display
exceptionally high stability and biological important (Sigel
et al., 2006; Siddiqui et al., 2009). The ternary complex ofity.
lseviercopper(II) involving iminodiacetic acid and 1,10-phenanthro-
line was used as antimicrobial agent (Siddiqui et al., 2009).
The kinetics of formation of the chromium(III) complexes
of L-histadine (Kabir-ud-Din et al., 1996), pyridine-2-aldoxime
(De and De, 1991a), glycine (Banerjea and Dutta Chauduri,
1968), and glutamic acid (De and De, 1991b) have been studied
spectrophotometrically at different temperatures and pH. In
all cases the reaction proceeds by a path which is ﬁrst-order
with respect to chromium(III) and ligands. The rate of reaction
increases with the increasing of pH and temperature.
The reaction between [Cr(H2O)6]
3+ and 2-aminopyridine
involves an outer-sphere association between the two reacting
species, followed by an associative interchange process where
bond dissociation and bond formation are equally important
(De and De, 1993). The kinetics of anation of hexa-aquachro-
mium(III) ion by DL-valine in aqueous acidic medium has been
Figure 1 Absorption spectra of the reaction between Cr(II) and
IDA as a function of time. Curves 1–6 were recorded at 3, 10, 15,
20, 25 and 35 min respectively from the time of initiation. Curve 7
spectrum of Cr(II) at the same pH.
220 H.A. Ewais et al.investigated spectro-photometrically at k= 540 nm, was
found to be 1:2 (metal:ligand) complex of chromium(III) with
DL-valine (Khan, 1984).
The biological oxidation of chromium from the trivalent to
hexavalent states is an important environmental process be-
cause of the high mobility and toxicity of chromium(VI) (Levi-
na et al., 2003). Recently, Cr(III) oxidation to Cr(V) and/or
Cr(VI) in biological systems came into consideration as a pos-
sible reason of anti-diabetic activities of some Cr(III) com-
plexes, as well as of long-term toxicities of such complexes
(Levina and Lay, 2005). The speciﬁc interactions of Cr(III)
ions with cellular insulin receptors (Vincent and Latour,
2003), are caused by intra- or extracellular oxidations of
Cr(III) to Cr(V) and/or Cr(VI) compounds, which act as pro-
tein tyrosine phosphatase (PTP) inhibitors.
N-Bromosuccinimide (NBS) has been used widely as a bro-
minating and oxidizing agent for organic compounds. It was
reported that the oxidation process is proceed via bromonium
ion Br+ (Mathur and Narang, 1975), but in a polar medium
or, alternatively, by a free radical path involving the homolytic
dissociation of NBS (Mushran et al., 1980; Singh et al., 1982).
Oxidation of metal complexes by NBS has received little atten-
tion (Abdel-Khalek et al., 1994, 1993, 1998; Al-Shihri and Ab-
del-Hady, 1996; Ewais, 2002). Inner-sphere oxidations of
[Cr(H2O)6]
3+ (Abdel-Khalek et al., 1994), [CrED-
TA]2(Abdel-Khalek et al., 1993) (EDTA= ethylenedia-
mine-tetraacetic acid), [Cr(NTA)(H2O)2] (Abdel-Khalek
et al., 1998) (NTA= nitrilotriacetic acid), [Cr(L)2(H2O)2]
3+
(Al-Shihri and Abdel-Hady, 1996) (L = 2-aminomethylpyri-
dine) and [Cr(Dpc)2(H2O)2]
 (Ewais, 2002) (Dpc = dipicolinic
acid) by NBS were studied. The reactions were found to pro-
ceed via a mechanism in which coordinated water is replaced
by NBS prior to electron transfer. The kinetics and mechanism
of oxidation of the binary and ternary complexes of chro-
mium(III) involving inosine (Ino) and glycine (Gly) by NBS
were studied (Ewais et al., 2007). The value of the intramolec-
ular electron transfer rate constant, k1 (6.90 · 104 s1), for
the oxidation of the [Cr(Ino)(H2O)5]
3+ is slower than the value
of k2 (9.66 · 102 s1) for the oxidation of [Cr(Ino)(Gly)(-
H2O)2(OH)]
2+ at 35 C and I= 0.2 mol dm3. This may be
due to the fact that glycine, as a secondary ligand, make the
ternary complex [Cr(Ino)(Gly)(H2O)2]
2+ more oxidizable by
NBS than the binary complex [Cr(Ino)(H2O)5]
3+.
In this paper, the kinetics and mechanism of the formation
of chromium(III)–iminodiacetic acid complex and the oxida-
tion of this complex by NBS are reported in order to study
the effect of complex formation towards oxidation.
2. Experimental
2.1. Materials and solutions
All chemicals used in this study were of reagent grade (Analar,
BDH, Sigma). Freshly prepared solutions of NBS were used.
Buffer solutions were made from Na2HPO4 and NaH2PO4.
NaNO3 was used to adjust the ionic strength of the buffered
solutions. Doubly distilled H2O was used in all kinetic runs.
2.2. Identiﬁcation of the products
The UV–visible absorption spectrum of the solution of
[Cr(H2O)6]
3+ gives a maxima at 570 and 392 nm as shown inFig. 1. The UV–visible absorption spectra of the product of
the reaction between [Cr(H2O)6]
3+ and IDA were recorded
with time (Fig. 1). From Fig. 1, it is clear that the two maxima
at 520 and 390 nm due to the formation [CrIII(H2O)(OH)
(IDA)2]
2 complex (Khan, 1984).
The UV–visible absorption spectra of the oxidation prod-
uct of [CrIII(IDA)2(H2O)2]
 by NBS was recorded with time
(Fig. 2). From Fig. 2, it is clear that the original absorption
maxima, at 520 and 390 nm, was replaced by a single peak
at 370 nm due to formation of chromium(VI) (Ewais, 2002).
2.3. Kinetic procedures
The ultraviolet visible absorption spectra of the formation and
oxidation of chromium(III)–iminodiacetic acid complex were
followed spectrophotometrically for a deﬁnite period of time
using the JASCO UV-530 spectrophotometer. The rate of
reaction was measured by monitoring the absorbance of the
products using a Milton-Roy 601 spectrophotometer. The
pH of the reaction mixture was measured using a Chertsey
Surrey, 7065 pH-meter. The temperature of the reacting solu-
tion was controlled, using automatic circulation thermostat.
The reactants were thermostated at the experimental tempera-
ture for ca. 15 min before the reaction was investigated then
mixed thoroughly and quickly transferred to an absorption
cell. The formation of the chromium(III)–iminodiacetic acid
complex was followed by monitoring the absorbance at
kmax = 520 nm as a function of time. While the rates of oxida-
tion [CrIII(IDA)2(H2O)2]
 by NBS were measured by monitor-
ing the absorbance of CrVI at 370 nm.
Pseudo-ﬁrst-order conditions were maintained in all runs in
the formation reaction by using a large excess of iminodiacetic
acid compared to [CrðH2OÞ3þ6 ] and in the oxidation reaction by
Figure 2 Absorption spectra of the oxidation of
[CrIII(IDA)2(H2O)2]
 by NBS as a function of time. Curves 1–8
were recorded at 2, 5, 10, 13, 20, 25, 30 and 40 min. Curve 9
spectrum of complex at the same pH.
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mium(III) complex. The ionic strength was kept constant by
the addition of NaNO3 solution. The pH of the reaction mix-
ture was found to be always the same pH at the beginning and
end of the runs. The pseudo-ﬁrst-order rate constants kobs were
obtained from the slopes of the plotting of ln(A1  At) versus
time, where At and A1 are absorbances at time t and at inﬁnite
time, respectively.
Addition of an AgNO3 solution to the reaction mixture re-
sulted in a pale yellowish precipitate of AgBr, which gradually
increased during the reaction. This suggests the production of
Br as the oxidation process proceeds. Under our experimen-
tal conditions, the presence of AgNO3 had no effect on NBS.
Addition of acrylonitrile to the reaction mixture leads to poly-
merization which gradually increases, whereas [NBS] or
[CrIII(IDA)2(H2O)2]
 were in excess, suggesting the presence
of free radicals. The stability of acrylonitrile towards each
component of the reaction mixture was checked, and no reac-
tion was observed during the time period studied.
Potentiometric measurements were performed with a Metr-
ohm 702 SM titrino. The titroprocessor equipped with a 728
dosimat (Switzerland-Herisau). The titroprocessor and elec-
trode were calibrated with standard buffer solutions (Irving
and Rossotti, 1953). The calculations were performed using
computer program MINIQUAD-75 loaded on an IBM-550
computer. The solution contains 5.0 ml 0.10 M complex,
5.0 ml 0.80 M NaNO3, 5.0 ml 0.05 M HNO3 and 25.0 ml
deionized water, was titrated with 0.01 M NaOH at 30 C.
3. Results and discussion
3.1. Kinetics of formation of iminodiacetic acid–chromium(III)
complex
The effect of [CrðH2OÞ3þ6 ] on the reaction rate was studied
over the range (1.25–5.0) · 103 mol dm3 at constant[IDA] = 0.10 mol dm3, pH 4.0, I= 0.30 mol dm3 and
T= 40 C. The results in Table 1 show that kobs was unaf-
fected when the [CrðH2OÞ3þ6 ] was varied, indicating that the
reaction rate is ﬁrst-order with respect to [CrðH2OÞ3þ6 ].
Rate ¼ kobs½CrIIIðH2OÞ3þ6 T: ð1Þ
The dependence of kobs on IDA was examined over the con-
centrations range (5.0–20.0) · 102 mol dm3 for a tempera-
ture range 35–55 C at constant [CrðH2OÞ3þ6 ], pH and ionic
strength. The results in Table 1 show that the reaction rate in-
creases when the concentration of the ligand and temperature
were varied. Plotting of 1/kobs against 1/[IDA], was found to
be linear as shown in Fig. 3. The dependence of kobs on
[IDA] is thus described by Eq. (2)
1=kobs ¼ 1=kA þ 1=kB½IDA: ð2Þ
The dependence of the reaction rate on pH was investigated
over the 2.0–5.10 pH range at constant [IDA] = 0.10 mol
dm3, ½CrðH2OÞ3þ6  ¼ 2:5 103 mol dm3, ionic strength =
0.30 mol dm3 and T= 40 C. The values of 103kobs are
0.92, 1.23, 1.50, 2.22, 3.90 and 4.40 s1 at pH equal to 2.0,
2.7, 3.0, 4.0, 4.5 and 5.1, respectively, indicating that the reac-
tion rate increases with increasing of pH.
In acidic aqueous medium the [CrIII(H2O)6]
3+ and IDA
may be involved in the equilibrium shown in Eqs. (3) and (4):
½CrIIIðH2OÞ63þ ½Cr IIIðH2OÞ5ðOHÞ2þ þHþKa ð3Þ
HOOC–CH2–NH–CH2– COO

 OOC–CH2–NH–CH2–COO þHþK0 ð4Þ
The values of pKa and pK
0 are 3.8 (Basolo and Pearson,
1977) and 2.59 (Mizuochi et al., 1970) at 30 C. From the effect
of pH and pKa it is clear that [Cr
III(H2O)5(OH)]
2+ may be the
reactive species. The enhanced reactivity of the [CrIII
(H2O)5(OH)]
2+ compared to [CrIII(H2O)6]
3+ is due to the
labilising effect of the hydroxide ion adjacent to the water
ligand by virtue of its extra lone pair of electrons, producing
a strong electromeric effect. This increases the donor ability
of iminodiacetic acid, so the rate of the reaction increases with
increase of pH.
The following scheme is proposed to explain the effect of
iminodiacetic acid concentration on the reaction rate:
½CrIIIðH2OÞ5ðOHÞ2þ þ IDA2
 ½CrIIIðH2OÞ5ðOHÞ2þ    IDA2 Kosc ð5Þ
Outer-sphere complex
½CrIIIðH2OÞ5ðOHÞ2þ    IDA2
! ½CrIIIðH2OÞ3ðOHÞðIDAÞ þ 2H2O kc ð6Þ
½CrIIIðH2OÞ3ðOHÞðIDAÞ þ IDA2
 ½CrIIIðH2OÞðOHÞðIDAÞ22 þ 2H2O ð7Þ
From the above mechanism, the rate of the reaction is given
by
Rate ¼ kc½CrIIIðH2OÞ5ðOHÞ2þ    IDA2: ð8Þ
If [CrIII(H2O)5(OH)
2+]T represents the total concentration
of CrIII species, then
½CrIIIðH2OÞ5ðOHÞ2þT ¼ ½CrIIIðH2OÞ5ðOHÞ2þ    IDA2
 ð1=Kosc½IDA2 þ 1Þ: ð9Þ
Table 1 Dependence of the rate, kobs (10
3 · s1) on [CrIII (H2O)6 3+],a [IDA] and temperature at pH 4.0 and I= 0.30 mol dm3.
[IDA] (mol dm3) 35 C 40 C 45 C 50 C 55 C
0.050 0.75 1.10 1.59 2.15 2.82
0.075 1.10 1.65 2.05 3.16 4.86
0.100 1.21 2.22 3.25 4.45 6.30
0.125 1.61 2.54 3.83 5.70 7.05
0.150 1.85 2.96 4.32 6.24 8.23
0.175 2.00 3.30 5.27 6.85 9.37
0.200 2.17 3.55 5.80 8.31 10.70
a [CrIII(H2O)6
3+] = 2.50 · 103 mol dm3; 103kobs 2.25, 2.40, 2.28 and 2.17 s1 at 103½CrIIIðH2OÞ3þ6  of 1.25, 3.75, 5.00 and 6.25 mol dm3,
respectively at 40 C and [IDA] = 0.10 mol dm3.
Figure 3 Plot of 1/kobs versus 1/[IDA] at different temperatures.
Table 2 Values of kc and Kosc at different temperatures.
Temp. (C) 102kc (s1) Kosc (mol dm3)
35 0.93 1.85
40 1.73 1.37
45 6.45 0.50
50 11.20 0.36
55 21.76 0.27
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2+  IDA2] from Eq.
(9) into Eq. (8) gives
Rate ¼ kcKosc½CrIIIðH2OÞ5ðOHÞ2þT½IDA2=ð1þ Kosc½IDA2Þ
ð10Þ
¼ kobs½CrIIIðH2OÞ5ðOHÞ2þT: ð11Þ
Hence
kobs ¼ kcKosc½IDA2=ð1þ Kosc½IDA2Þ: ð12Þ
Or
1=kobs ¼ 1=kc þ 1=kcKosc½IDA2; ð13Þ
where Kosc is the outer-sphere complex equilibrium constant
and kc is the rate constant for conversion of the outer to the
inner-sphere complex. Values of kc and Kosc at the tempera-
tures used, calculated from Eq. (13) and Fig. 3 are listed in Ta-
ble 2.
The activation parameters associated with kc obtained from
a least-squares ﬁt to the transition state theory equation are
DH* = 151.23 kJ mol1 and DS* =  368 J K1 mol1. The
positive DH* value suggests signiﬁcant associative character
for the interchange process. The negative DS* value may be
due to the formation of ion-pairs and transition species with
lower charge formed from the oppositely charged reactants
(Khan, 1984).Banerjea and coworkers recorded the formation of
[Cr(H2O)6]
3+ with oxalate (Banerjea and Dutta Chaudhuri,
1970) and malonate (Banerjea and Chatterjee, 1969), which
proceeds through outer-sphere association, and the transfor-
mation of the outer-sphere complex into the product is essen-
tially a dissociative process in which loss of a water molecule
from the [Cr(H2O)6]
3+ ion is only important in the transition
state, with no signiﬁcant bond formation by the incoming
ligand.
4. Kinetics of oxidation of the [CrIII(IDA)2(H2O)2]
 by NBS
Oxidation of [CrIII(IDA)2(H2O)2]
 was studied over the 6.04–
7.08 pH range, 0.10 mol dm3 ionic strength, (0.3–
3.0) · 102 mol dm3 NBS concentration range and 20–
40 C. The overall stoichiometry of the reaction was character-
ized as 1.9 ± 0.1 moles of NBS per mole of chromium(III)
within the time of reaction. Hence the reaction is described
by the stoichiometric equation (14):
CrIII þ 2NBS! CrðVIÞ þ 2Br þ other product: ð14Þ
The results (Table 3) show that kobs was unaffected when
the concentration of the chromium(III) complex was varied
at constant NBS concentration, indicating ﬁrst-order depen-
dence on complex concentration. The rate law at ﬁxed perio-
date concentration is given by the following equation:
rate ¼ kobs½CrIIIðIDAÞ2ðH2OÞ2: ð15Þ
The dependence of kobs on NBS was examined over the 0.3–
3.0 · 102 mol dm3 concentration range at different tempera-
tures. The results (Table 3), show that kobs varies linearly with
[NBS] according to Eq. (16):
kobs ¼ k1½NBS: ð16Þ
Values of k1 at different temperatures were calculated from
the slopes of Fig. 4 as (1.15, 2.16, 3.20, 4.04 and
5.25) · 102 mol dm3 s1, respectively, at 20, 25, 30, 35 and
:Table 3 Dependence of kobs on [NBS] at different tempera-
ture at pH 6.74, ½CrIIIðIDAÞ2ðH2OÞ2 b = 2.5 · 104 mol dm3
and I= 0.10 mol dm3.
102 [NBS] mol dm3 104kobs (s
1)
20 C 25 C 30 C 35 C 40 C
0.3 0.30 0.60 0.85 1.05 1.25
0.5 0.78 1.05 1.38 1.63 1.92
1.0 1.13 1.88 3.30 3.72 5.16
1.5 1.47 3.15 5.04 6.12 8.12
2.0 1.96 4.48 6.45 7.82 10.57
2.5 2.78 5.32 7.43 8.97 12.18
3.0 3.73 6.30 9.64 12.40 15.56
b ½CrIIIðIDAÞ2ðH2OÞ2  ¼ 2:50 104 mol dm3; 104kobs = 5.95,
6.63, 6.32 and 6.40 s1 at 104½CrIIIðIDAÞ2ðH2OÞ2  of 1.25, 3.75, 5.0
and 6.25 mol dm3, respectively, at 30 C and [NBS] =
0.02 mol dm3.
Figure 4 Plot of kobs versus [NBS] at different temperatures.
Figure 5 Plot of kobs versus [NBS] at different pH and
T= 30 C.
Table 4 Effect of pH on kobs at [Cr
III
(IDA)2(H2O)2]
=2.5 · 104 mol dm3; I= 0.10 mol dm3,
[NBS] = 2.0 · 102 mol dm3 and T= 30 C.
102 [NBS] mol dm3 104kobs (s
1)
pH 6.04 pH 6.45 pH 6.74 pH 7.08
0.3 0.35 0.72 0.85 1.93
0.5 0.50 0.90 1.38 2.88
1.0 0.75 1.47 3.30 6.27
1.5 0.92 2.85 5.04 10.10
2.0 1.23 3.45 6.45 13.72
2.5 1.50 4.51 7.43 16.54
3.0 1.74 5.00 9.64 19.20
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associated with k1, were obtained from the least-squares ﬁt
to the transition state theory equation as 53.62 and 97.2,
respectively.
The dependence of the reaction rate on pH was investigated
over the 6.04–7.08 pH range. Plots of kobs versus [NBS] at dif-
ferent pH (Fig. 5), show that the reaction rate increases with
increasing pH (Table 4). From Fig. 5, it was found that the
slopes are dependent of pH while the intercepts are indepen-
dent and equal zero. Plot of k1 versus 1/[H
+] is linear. It can
be seen that this variation is described by Eq. (17):
k1 ¼ k2 þ k3=½Hþ; ð17Þ
kobs ¼ ðk2 þ k3=½HþÞ½NBS: ð18Þ
From Eqs. (15), (17) and (18), the experimental rate law is rep-
resented by:
Rate ¼ ðk þ k =½HþÞ½ CrIIIðIDAÞ ðH OÞ ½NBS: ð19Þ2 3 2 2 2The values of 104kobs of 6.28, 6.47, 6.57 and 6.41 s
1 were
obtained at I= 0.2, 0.3, 0.4 and 0.5 mol dm3, pH 6.74,
[NBS] = 0.02 mol dm3 and T= 30 C. Since, kobs was unaf-
fected by ionic strength, this implied that the reaction is taking
place between charged and uncharged species.
In a weakly acidic aqueous medium the complex may be in-
volved in the equilibrium shown in the following equation:
½CrIIIðIDAÞ2ðH2OÞ2 ½CrIIIðIDAÞ2ðH2OÞðOHÞ2 þ HþðK1Þ
ð20Þ
K1 was obtained potentiometrically and has the value of
6.61 · 107 at 30 C From the pH range used and K1 value,
it is clear that [CrIII(IDA)2(H2O)2]
 is inert, and coordinated
H2O, because of its extremely low basicity, is not expected to
serve as a bridging ligand (Haim, 1975). Thus, this complex
seems to lack the prerequisites for an inner-sphere oxidation.
However, an inner-sphere process may still be accommodated
through replacement of coordinated H2O. There are two pos-
sibilities for the coordination of NBS. First, the H2O ligand in
[CrIII(IDA)2(H2O)2]
 may be labile and hence substitution by
NBS is likely (Kassim and Sulfab, 1981). Second, if the hydro-
xo form of the complex is the reactive species, the hydroxo li-
gand may bridge the two reactants. The hydroxo-group acts in
224 H.A. Ewais et al.labilise a Cr–OH2 bond, so facilitates the substitution of H2O
by NBS. The presence of [H+] dependence in the rate law sug-
gests involvement of the deprotonated form of the chro-
mium(III) complex, [CrIII(IDA)2(H2O)(OH)]
2, in the rate
determining step.
In view of these considerations, the following mechanism is
proposed:
½CrIIIðIDAÞ2ðH2OÞ2 ½ CrIIIðIDAÞ2ðH2OÞðOHÞ2 þHþðK1Þ
ð21Þ
½CrIIIðIDAÞ2ðH2OÞ2 þNBS
 ½CrIIIðIDAÞ2ðH2OÞðNBSÞ2 þH2O ðK2Þ ð22Þ
½CrIIIðIDAÞ2ðH2OÞðOHÞ2 þNBS
 ½CrIIIðIDAÞ2ðOHÞðNBSÞ2 þH2O ðK3Þ ð23Þ
½CrIIIðIDAÞ2ðH2OÞðNBSÞ
! CrIV þR þ ðIDAÞ2 þ Br þH2O ðk4Þ ð24Þ
½CrIIIðIDAÞ2ðOHÞðNBSÞ2
! CrIV þ R þ ðIDAÞ2 þ Brðk5Þ ð25Þ
CrIV þR!fast CrV þR ð26Þ
CrV þNBS!fast CrVI þ BrþR ð27Þ
R is the succinimidyl radical. It is known that this radical is
not heavily resonance stabilized and hence is unstable with re-
spect to succinimide or NBS. Succinimide anion may will pre-
fer to abstract a hydrogen ion from, for example, the solvent,
to form succinimide. Thus the product may be succinimide, a
well known product of organic NBS oxidations. Succinimidyl
radical may dimerize to bisuccinimidyl (Hedaya et al., 1964;
Koening and Berwer, 1964).
Presence of Br as a product is indicated by the formation
of AgBr increased gradually with time upon addition of
AgNO3 solution to the reaction mixture.
From the above mechanism, the rate of the reaction is given
by
d½CrVI=dt ¼ k4½CrIIIð IDAÞ2ðH2OÞðNBSÞ
þ k5½ CrIIIðIDAÞ2ðOHÞðNBSÞ2: ð28Þ
Using equilibriums (23), (22) and (21) and substitution in Eq.
(28) gives
d½CrVI=dt ¼ k4K2½CrIIIðIDAÞ2ðH2OÞ2 ½NBS
þ ðk5K3K1=½HþÞ½CrIIIðIDAÞ2ðH2OÞ2 ½NBS:
ð29Þ
On rearrangement:
d½CrVI=dt ¼ ðk4K2 þ k5K3K1=½HþÞ
 ½CrIIIðIDAÞ2ð H2OÞ2 ½NBS: ð30Þ
Hence
kobs ¼ ðk4K2 þ k5K1K3=½HþÞ½NBS: ð31Þ
A comparison of Eqs. (31) and (18) shows that k2 = k4K2
and k3 = k5K1K3.
Kinetics of oxidation of [CrIII(IDA)2(H2O)2]
 by N-bromo-
succinamide may proceeds through an inner-sphere mecha-
nism. This was supported by some arguments:(i) The coordination of NBS to the metal is most probably
through the carbonyl group (Abdel-Khalek et al., 1994).
(ii) No reaction was observed at pH < 6 where the
hydroxo-species is not present.
The intramolecular electron transfer steps for the oxidation
reaction are endothermic as indicated by the value of DH*. The
contributions of DH* and DS* to the rate constant seem to
compensate each other. This fact suggests that the factors
controlling DH* must be closely related to those controlling
DS*. Therefore, the solvation state of the encounter complex
would be important in determining DH* (Weaver and Yee,
1980). Thus, the relatively small enthalpy of activation, DH*,
can be explained in terms of the formation of more solvated
complex.5. Conclusion
The reaction between [Cr(H2O)6]
3+ and iminodiacetic acid in-
volves an outer-sphere association between the two reacting
species, followed by an associative interchange process where
bond dissociation and bond formation are equally important.
While the oxidation of [CrIII(IDA)2(H2O)2]
 by NBS occurs
via inner-sphere mechanism in which coordinated water is re-
placed by NBS prior to electron transfer.References
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